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A.  Establishment  of  a  Versatile  Nano/Micro-Mechanical  Characterization  Facility 

Nano/Micro-Mechanical  characterization  is  one  of  the  key  elements  for  the  development  of  material  systems  of  many 
Department  of  Defense  (DoD)  applications.  A  group  of  researchers  at  University  of  Nevada,  Las  Vegas  (UNLV),  having  diverse 
research  interests,  intended  to  establish  our  SEM  imaging  capabilities  by  adding  an  integrated  nano-analysis  capability  as  well 
as  a  mechanical  testing  system.  The  mechanical  testing  facility  allows  in-situ  investigation  of  materials  of  interest  by  looking 
into  stress/strain  curves,  shear,  tensile,  3-point  bend,  Young's  Modulus;  simultaneously,  allowing  video-taping  and  generating 
other  imaging  reports.  Furthermore,  we  added  the  capability  of  testing  biological  samples  to  make  this  SEM  readily  available 
for  researchers  who  are  in  the  field  of  biological  sciences  and  engineering.  In  addition  to  the  tabletop  SEM,  we  also  installed  a 
Scanning  Electrochemical  Workstation  (SECW)  that  is  advanced  equipment  for  scanning  probe  electrochemistry  designed  for 
ultra-high  resolution,  non-contact,  spatially  resolved  electrochemical  measurements.  This  SECW  helps  UNLV  students  and 
researches  to  study  through  membranes,  monitor  biological  activity,  image  chemical  biosystems,  and  perform  fuel  cell 
materials,  surface  science,  and  corrosion  science  research. 

Establishment  of  such  a  versatile  Nano/Micro-Mechanical  Characterization  (NMMC)  facility  greatly  helped  advance  state-of-the 
art  materials  research  at  UNLV.  The  established  NMMC  facility  is  now  being  used  in  all  the  DoD-related  research  projects  as 
well  as  other  scientific  research  at  the  UNLV  campus. 

B.  Table-Top  SEM 

A  new  tabletop  SEM  was  purchased  from  Hitachi  High  Technologies  America,  Inc.  (Model  #  TM3030,  see  Fig.  1).  It  is  capable 
of  generating  high  contrast  and  sharp  images  even  at  a  high  magnification.  It  is  equipped  with  a  low-vacuum  mode  owing  to 
which  no  special  sample  preparation  is  necessary.  Our  SEM  is  integrated  with  an  EDX  unit  to  analyze  the  chemical  components 
of  materials  under  SEM  in  addition  to  a  nano-/micro-scale  mechanical  testing  system.  The  SEM  can  be  used  accelerating 
voltages  of  5  kV,  10  kV,  and  15  kV.  Samples  with  diameters  up  to  70  mm  and  thicknesses  up  to  50  mm  can  be  tested  with  the 
facility  producing  a  magnification  of  about  15x-30,000x. 

Additionally,  the  samples  can  be  moved  up  to  35  mm  in  both  X  and  Y  directions.  This  table-top  SEM  is  also  capable  of  special 
stages  like  motorized  stage,  tilt  rotate  stage,  and  cooling  stage  (which  is  useful  when  imaging  biological  systems).  All  these 
features  enable  the  SEM  for  advanced  topographic  imaging  with  a  large  depth  of  focus.  One  of  the  advantages  arising  out  of 
the  incorporation  of  mechanical  testing  feature  in  the  SEM  is  that  one  can  see  the  electron  micrograph  of  the  samples  while 
tensile  or  compression  testing  is  being  performed.  The  SEM  is  appropriate  for  a  wide  range  of  research  which  includes 
materials,  entomology,  medicine,  food,  botany,  cosmetics,  semiconductor,  textiles,  and  environment. 

C.  Scanning  Electrochemical  Workstation  (SECW) 

In  addition  to  the  tabletop  SEM,  the  UNLV’s  NMMC  facility  also  installed  a  Scanning  Electrochemical  Workstation  (SECW) 
bought  from  Uniscan  Instruments,  Inc.  (Model  #  M370,  see  Fig.  2).  It  is  an  advanced  equipment  for  scanning  probe 
electrochemistry  designed  for  ultra-high  resolution,  non-contact,  spatially  resolved  electrochemical  measurements.  It  possesses 
a  fast  and  precise  positioning  system  with  micro/nanometer  resolution,  along  with  a  flexible  data  acquisition  to  select  the 
configuration  most  suited  for  a  particular  experiment.  The  system  is  capable  of  being  used  in  applications  ranging  from  flow 
through  membranes,  monitoring  biological  activity,  imaging  of  chemical  biosystems  (including  immobilized  enzymes),  fuel  cell 
materials  research,  and  surface  and  corrosion  science. 

D.  Other  Equipment 

Other  miscellaneous  equipment  including  a  critical  point  dryer  and  a  sputter  coater  were  purchased  and  installed  in  room  SEB 
1119  (Electron  Microanalysis  and  Imaging  Laboratory.  See  Fig.  3). 


Sputtering  System:  We  acquired  a  sputtering  system  from  Denton  Vacuum,  Inc.  (Model  #  DSK00V-0018)  which  is  capable  of 
depositing  a  large  variety  of  coating  materials  (including  iridium).  The  adjustable  rotating  and  tilting  stage  ensures  a  highly 
uniform  coating  even  on  samples  with  highly  irregular  surfaces.  It  is  capable  of  converting  easily  from  metal  sputter  to  carbon 
evaporation  and  is  equipped  with  a  turbo  pump.  The  high  resolution  magnetron  sputtering  system  is  capable  of  depositing  a 
conductive  coating  not  only  for  scanning  electron  microscopy  (SEM),  but  also  for  transmission  electron  microscopy  (TEM) 
sample  preparation. 

Critical  Point  Dryer:  Our  critical  point  dryer  was  purchased  from  Electron  Microscopy  Sciences,  Inc.  (Model  #  EMS  850)  which  is 
capable  of  thermoelectric  heating  and  adiabatic  cooling  with  a  temperature  control  +5°C  on  cooling  and  +35°C  on  heating.  It 
avoids  excess  pressures  or  temperatures  and  ensures  that  the  critical  point  is  obtained.  This  obviates  the  need  to  rely  on 
pressure  relief  valves  to  control  pressure  during  the  heating  cycle.  It  is  designed  for  use  with  C02,  after  first  replacing  any  water 
in  the  specimen  by  a  series  of  dehydration  steps. 


E.  Example  Images  Taken  at  NMMC 

Below  shows  a  variety  of  images  taken  by  the  table  top  SEM. 

F.  Work  Plan 

All  the  equipment  was  purchased  and  installed  properly.  They  are  operational. 

G.  Major  Problem/lssues 
None. 

H.  Project-related  Publications 

J.2  A  New  Ionic  Polymer-Metal  Composite  Based  on  Nation  /  poly(vinyl  alcohol-co-ethylene)  Blends 
T.  Hwang,  V.  Palmre,  J.  Nam,  D.-C.  Lee,  and  K.  J.  Kim 
(submitted  for  review) 

J.1  A  Comprehensive  Physics-Based  Model  Encompassing  Variable  Surface  Resistance  and  Underlying  Physics  of  Ionic 

Polymer-Metal  Composite  Actuators 

Q.  Shen,  V.  Palmre,  T.  Stalbaum,  and  K.  J.  Kim 

(submitted  for  review) 
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A.  Establishment  of  a  Versatile  Nano/Micro-Mechanical  Characterization  Facility 


Nano/Micro-Mechanical  characterization  is  one  of  the  key  elements  for  the  development  of  material 
systems  of  many  Department  of  Defense  (DoD)  applications.  A  group  of  researchers  at  University  of 
Nevada,  Las  Vegas  (UNLV),  having  diverse  research  interests,  intended  to  establish  our  SEM  imaging 
capabilities  by  adding  an  integrated  nano-analysis  capability  as  well  as  a  mechanical  testing  system.  The 
mechanical  testing  facility  allows  in-situ  investigation  of  materials  of  interest  by  looking  into 
stress/strain  curves,  shear,  tensile,  3-point  bend,  Young's  Modulus;  simultaneously,  allowing  video¬ 
taping  and  generating  other  imaging  reports.  Furthermore,  we  added  the  capability  of  testing  biological 
samples  to  make  this  SEM  readily  available  for  researchers  who  are  in  the  field  of  biological  sciences  and 
engineering.  In  addition  to  the  tabletop  SEM,  we  also  installed  a  Scanning  Electrochemical  Workstation 
(SECW)  that  is  advanced  equipment  for  scanning  probe  electrochemistry  designed  for  ultra-high 
resolution,  non-contact,  spatially  resolved  electrochemical  measurements.  This  SECW  helps  UNLV 
students  and  researches  to  study  through  membranes,  monitor  biological  activity,  image  chemical 
biosystems,  and  perform  fuel  cell  materials,  surface  science,  and  corrosion  science  research. 

Establishment  of  such  a  versatile  Nano/Micro-Mechanical  Characterization  (NMMC)  facility  greatly 
helped  advance  state-of-the  art  materials  research  at  UNLV.  The  established  NMMC  facility  is  now 
being  used  in  all  the  DoD-related  research  projects  as  well  as  other  scientific  research  at  the  UNLV 
campus. 

B.  Table-Top  SEM 

A  new  tabletop  SEM  was  purchased  from 
Hitachi  High  Technologies  America,  Inc. 

(Model  #  TM3030,  see  Fig.  1).  It  is  capable  of 
generating  high  contrast  and  sharp  images 
even  at  a  high  magnification.  It  is  equipped 
with  a  low-vacuum  mode  owing  to  which  no 
special  sample  preparation  is  necessary.  Our 
SEM  is  integrated  with  an  EDX  unit  to  analyze 
the  chemical  components  of  materials  under 
SEM  in  addition  to  a  nano-/micro-scale 
mechanical  testing  system.  The  SEM  can  be 
used  accelerating  voltages  of  5  kV,  10  kV,  and 
15  kV.  Samples  with  diameters  up  to  70  mm 
and  thicknesses  up  to  50  mm  can  be  tested 
with  the  facility  producing  a  magnification  of 
about  15x-30,000x. 

Additionally,  the  samples  can  be  moved  up  to  35  mm  in  both  X  and  Y  directions.  This  table-top  SEM  is 
also  capable  of  special  stages  like  motorized  stage,  tilt  rotate  stage,  and  cooling  stage  (which  is  useful 
when  imaging  biological  systems).  All  these  features  enable  the  SEM  for  advanced  topographic  imaging 
with  a  large  depth  of  focus.  One  of  the  advantages  arising  out  of  the  incorporation  of  mechanical  testing 
feature  in  the  SEM  is  that  one  can  see  the  electron  micrograph  of  the  samples  while  tensile  or 
compression  testing  is  being  performed.  The  SEM  is  appropriate  for  a  wide  range  of  research  which 
includes  materials,  entomology,  medicine,  food,  botany,  cosmetics,  semiconductor,  textiles,  and 
environment. 
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C.  Scanning  Electrochemical  Workstation  (SECW) 


In  addition  to  the  tabletop  SEM,  the  UNLV's  NMMC  facility  also  installed  a  Scanning  Electrochemical 
Workstation  (SECW)  bought  from  Uniscan  Instruments,  Inc.  (Model  #  M370,  see  Fig.  2).  It  is  an  advanced 
equipment  for  scanning  probe  electrochemistry  designed  for  ultra-high  resolution,  non-contact,  spatially 
resolved  electrochemical  measurements.  It  possesses  a  fast  and  precise  positioning  system  with 
micro/nanometer  resolution,  along  with  a  flexible  data  acquisition  to  select  the  configuration  most 
suited  for  a  particular  experiment.  The  system  is  capable  of  being  used  in  applications  ranging  from  flow 
through  membranes,  monitoring  biological  activity,  imaging  of  chemical  biosystems  (including 
immobilized  enzymes),  fuel  cell  materials  research,  and  surface  and  corrosion  science. 


Figure  2.  Scanning  Electrochemical  Figure  3.  Sputtering  System  and  Critical  Point  Dryer 

Workstation  (SECW)  (installed  in  room  SEB  1119) 

(installed  in  room  SEB  2112A) 

D.  Other  Equipment 

Other  miscellaneous  equipment  including  a  critical  point  dryer  and  a  sputter  coater  were  purchased  and 
installed  in  room  SEB  1119  (Electron  Microanalysis  and  Imaging  Laboratory.  See  Fig.  3). 

Sputtering  System:  We  acquired  a  sputtering  system  from  Denton  Vacuum,  Inc.  (Model  #  DSK00V-0018) 
which  is  capable  of  depositing  a  large  variety  of  coating  materials  (including  iridium).  The  adjustable 
rotating  and  tilting  stage  ensures  a  highly  uniform  coating  even  on  samples  with  highly  irregular 
surfaces.  It  is  capable  of  converting  easily  from  metal  sputter  to  carbon  evaporation  and  is  equipped 
with  a  turbo  pump.  The  high  resolution  magnetron  sputtering  system  is  capable  of  depositing  a 
conductive  coating  not  only  for  scanning  electron  microscopy  (SEM),  but  also  for  transmission  electron 
microscopy  (TEM)  sample  preparation. 

Critical  Point  Dryer:  Our  critical  point  dryer  was  purchased  from  Electron  Microscopy  Sciences,  Inc. 
(Model  #  EMS  850)  which  is  capable  of  thermoelectric  heating  and  adiabatic  cooling  with  a  temperature 
control  +5°C  on  cooling  and  +35°C  on  heating.  It  avoids  excess  pressures  or  temperatures  and  ensures 
that  the  critical  point  is  obtained.  This  obviates  the  need  to  rely  on  pressure  relief  valves  to  control 
pressure  during  the  heating  cycle.  It  is  designed  for  use  with  C02,  after  first  replacing  any  water  in  the 
specimen  by  a  series  of  dehydration  steps. 
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E.  Example  Images  Taken  at  NMMC 


Below  shows  a  variety  of  images  taken  by  the  table  top  SEM. 


Surface  morphology  of  PP/PTFE 


Cross-sectional  morphology 
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Active  Materials  and  Smart  Living  Laboratory 
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Separation  filter 

•  Selective  separation  in  mixture 
Al  sieve  size 


120  mesh  =  125  um  (Diameter)  -rn-r.mn-»ini -m 
SupertiydropMk  Flter  Superhydrophobk  fiber 


Scanning  electron  microscope  was  performed  to  investigate  cross-sectional 

morphology  between  commercial  Nation3  and  sprayed  Nation8 

The  Nation3  membrane  through  spraying  method  has  no  void  or  delamination  inside 

membrane 


Expanded  graphite  for  secondary  cell  battery  s 


•  Natural  graphitef  lake 

•  Nitric  acid  (HN03)  as intercalant 

•  Potassium  permanganate  (KMnOJ  as 
oxidant 

•  Expansion  by  microwave  irradiation 
(useconventionalmicrowave oven  on 
10  s) 


I  INTV 


Active  Materials  and  Smart  Living  Laboratory 


Figure  4.  Various  Images 


F.  Work  Plan 

All  the  equipment  was  purchased  and  installed  properly.  They  are  operational. 

G.  Major  Problem/lssues 
None. 
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H.  Project-related  Publications 


J.2  A  New  Ionic  Polymer-Metal  Composite  Based  on  Nation  /  poly(vinyl  alcohol-co-ethylene) 
Blends 

T.  Hwang,  V.  Palmre,  J.  Nam,  D.-C.  Lee,  and  K.  J.  Kim 
(submitted  for  review) 

J.l  A  Comprehensive  Physics-Based  Model  Encompassing  Variable  Surface  Resistance  and 
Underlying  Physics  of  Ionic  Polymer-Metal  Composite  Actuators 

Q.  Shen,  V.  Palmre,  T.  Stalbaum,  and  K.  J.  Kim 
(submitted  for  review) 
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Appendix  - 1 


Figure  Appendix-1.  Exterior  of  Science  and  Engineering  Building  at  UNLV 


Figure  Appendix-2.  Science  and  Engineering  Building  Floor  Plan  for  2212 

(The  SEM  and  SECW  are  located  in  2112A) 
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